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South ChinaUntil now the crustal structure of South China has been studied through 2-D seismic surveys. While informative,
the results generated from these surveys cannot be easily interpreted from a regional outlook due to the sparse
sampling of the area. In this paper, we have investigated the 3-D density structure of South China based on an
integrated dataset, namely: P-wave velocities previously determined from seismic proﬁles and Bouguer gravity
anomalies. The density structure is solved through a robust inversion of Bouguer anomalies with the help of
Grav3D software, so that the results can be extended to zones lacking constraints or sufﬁcient deep seismic cov-
erage. The key issues arising from this density analysis shed new lights on South China, as: (1) The Moho depth
extracted from the densitymodel is consistent with the information supplied by deep seismic soundings. (2) The
linearly increasing density below the eastern part of the Dabie orogenic belt, in a frame of low density at the bot-
tom of the middle crust, is consistent with the speculated dome of relatively high P-wave velocity suggested by
previous deep seismic soundings, and understood as a geophysical fossil of the continental collision/extrusion.
(3) The Chenzhou–Linwu fault seems to be the southern transection of the boundary between the Yangtze and
Cathaysia blocks constrained by our crustal density model. (4) Different laws formulated as linear relationships
between seismic velocity and density allow distinguishing the tectonic units forming South China. These laws are
the consequence of the crustal composition and temperature distribution.
© 2013 Elsevier B.V. All rights reserved.1. Introduction
South China, lying in the southeast of Eurasian continent and border-
ing with the Philippine Sea plate to the east and the Indian plate to the
west (Fig. 1), is a major tectonic unit belonging to the continental mar-
gin of eastern Asia (Li and Li, 2007; Liu et al., 2012; C.Wang et al., 2003;
Q.S. Wang et al., 2003; Y.J. Wang et al., 2003). It contains three Triassic–
Jurassic orogens: the Qinling–Dabie orogenic belt along its northern
margin, which records the collision with the North China block; the
Longmenshan belt along its northwestern margin, likely related to the
lower crust ﬂow in the Tibetan Plateau; and the South China fold belt,
which has a broad northeastward tread (Deng et al., 2013; Li, 1994; Li
and Li, 2007; Wang, 2009; Wang and Shu, 2012; Zhang et al., 2009c,
Z.J. Zhang et al., 2011, 2013).
In the course of the last 90 years, substantial researchhas beenmade
to study the geological features of South China, and also the seismic
velocity structure and the geometry of the main crustal interfaces. All
these valuable data were acquired after many works of geophysical
prospecting involving deep seismic soundings (DSS), deep reﬂectionschemistry, Chinese Academy of
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ghts reserved.and broadband seismic surveys undertaken across many parts of
South China (Deng et al., 2011; Li et al., 2006; Xiong et al., 2009;
Zhang et al., 2005; Z.J. Zhang et al., 2011; Zhao et al., 2013a,b). However,
due to uneven datasets, both in quality and quantity, the overall knowl-
edge of the geological basement and the structure of the crust remains
rather poor, and the boundary between the Yangtze and Cathaysia
blocks is still a subject that even today raises a lively debate. Moreover,
seismic data alone do not provide sufﬁcient information about the den-
sity structure of the medium because the P- and S-wave velocities are
controlled by a high number of factors including composition, tempera-
ture and volatile content of the crust–upper mantle structure (Mooney
and Kaban, 2010). Gravity data and subsequently density data provide
valuable constraints on the physical state of the lithosphere that are
complementary to the seismic data. For example, density variations
within the crust and sublithospheric mantle often control the surface
elevation (Mooney and Kaban, 2010). So much so that a better under-
standing of South China can be achieved using a 3-D inversion of gravity
data that integrates existing geological and geophysical information,
to extrapolate the results to poorly sampled regions and thus ﬁll the
existing information gap.
In order to obtain the density structure in South China and discuss
the feasible boundary between the Yangtze and Cathaysia blocks, in
this paper, based on the available data of gravity, we have studied the
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Fig. 1. Tectonic map of South China framed within the spatial window 100–122°E, 22–34°N. The inset in the bottom right corner shows the study area bounded by a rectangle. The
elevation of the terrain (in meters) is indicated on the vertical scale on the right of themap. Faults (red lines) and tectonic boundaries (dark brown lines) are also drawn. Key to symbols:
A, Asian plate; B, Indian plate; C, Philippine Sea plate; I, Yangtze block; II, Cathaysia block; III, Taiwan orogeny; IV, South China Sea basin; V, East of the Songpan–Ganzi block; VI, Qinling–
Dabie orogen; VII, North China block; I1, Sichuan Basin; F1, Zhenghe–Dapu fault belt; F2, Jiangshan–Shaoxing fault belt; F3, Tanlu fault belt; F4, Longmenshan fault belt; F5, An'ninghe fault
belt; F6, Honghe fault belt; CD, Chengdu City; CS, Changsha City; SH, Shanghai City; GZ, Guangzhou City.
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taking into account a reference structural model constrained by P-wave
velocity that was previously obtained by kriging interpolation from
57 DSS proﬁles (Deng et al., 2011). The so obtained results supply new
insights about the geodynamics of South China.
2. Gravity data
The starting data of Bouguer gravity with reference to South China
were taken from the Earth Gravitational Model 2008 (EGM2008) pro-
posed by Pavlis et al. (2008, 2012), which provides information on a
2.5′ × 2.5′ sized grid displayed both inland and on the ocean, including
synthetic gravity generated by GRACE and terrestrial gravity anomaly.
The standard deviation of the ﬁeld data is less than 5 mGal in the
study region (Pavlis et al., 2008).
The Bouguer gravity sums all density changes due to the non-
homogeneous structure of the crust caused by different geological for-
mations, shallow deposits of materials and the undulation or dipping
of the layers (Q.S. Wang et al., 2003; Zeng, 2005). In South China,
small positive gravity anomalies (b100 mGal) are conﬁned to regions
near the coastal areas (Fig. 2). At a larger scale, small negative grav-
ity anomalies (around −200 mGal) can be observed in part of the
Qinling–Dabie orogen and Sichuan basin. In the Songpan–Ganzi block
the Bouguer gravity increases progressivelywestward tomore negative
values reaching up to−550 mGal. Thus, it can be summarized that the
higher the elevation of the terrain the lower the gravity anomaly.While,
other direct information related to the faults and boundaries separating
the tectonic units cannot be observed clearly in the study area.
3. Inversion for density structure
3.1. Implementation
The forward modeling of gravity involves computing the gravita-
tional response from a prescribed density anomaly model. Conversely,
the inversion for a density anomaly structure or inverse modeling im-
plies generating a model that ﬁts the observed gravitational ﬁeld in
the subsurface, even though the resultingmodel is non-unique and sim-
ply represents one of many models that can satisfy the observations
(Welford and Hall, 2007; Welford et al., 2010).The inverse problem was formulated as an optimization by which
an objective function deﬁning the density model is minimized subject
to the constraints of that the data be reproduced within a tolerance in-
terval or errormargin (Wang, 2002).With the purpose of constructing a
3-D density model we performed a robust inversion of the data using
Grav3D software, by controlling the generation of the model type and
to what extent the inverted model can reproduce the observed data
within their error bounds (misﬁt) (Welford and Hall, 2007). The ﬁrst
step is made through the norm of the model that is described in terms
of directionally dependent smoothing length scales, which can generate
a variety of model types (e.g. small, ﬂat, blocky). The norm can be fur-
ther adapted to minimize the difference between the inverted density
model and a reference density model. Themisﬁt is a least-squares mea-
sure of the difference between the observed gravity values and those
predicted from the inverted density anomaly model. The difference is
weighted by the reciprocal of the observed data errors so that themisﬁt
for inversion is dimensionless and should be equal to the number of
data points provided that the data errors are independent and Gaussian
with zero mean (Li and Oldenburg, 1996, 1998).
It is well known that the gravity data have no inherent resolution at
depth; as most they lead to structures located near the surface when
considered a simple model, i.e. a small or ﬂat model, regardless of the
true depth of the causative bodies. Since the amplitude of the inversion
kernels decreases rapidly with depth, the data measured at surface are
not enough as to generate a function (a density model) able to reveal
a signiﬁcant structure at depth. In order to overcome this drawback,
the inversion process needs to introduce a weighting at depth to coun-
teract this natural decay of the inversion kernels. Intuitively, such a
weighting will approximately cancel the natural decay and will make
possible constructing the model at gradually increasing depths, with
equal probability of including non-zero density data in the solution
(Grav3D 3.0).
With the Grav3D algorithm, a speciﬁc density anomaly is initially
assigned to each grid cell covering the reference density model, and also
a variation range wherein the density anomaly is allowed to vary during
the inversion process. This allows that portions of the reference model
that arewell constrained by other geophysical methodsmay vary slightly
or even remain ﬁxed during the inversion process (Welford et al., 2010).
The Grav3D mesh, onto which the 3-D density anomaly distribution
ismodeled, consists of rectangular prisms of certain sizewith a particular
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Fig. 2.Map of the Bouguer gravity anomaly in South China and adjacent regions. Again themain tectonic units appear clearly outlined (Fig. 1). Some important cities are also indicated as
reference: CD, Chengdu City; CS, Changsha City; SH, Shanghai City; GZ, Guangzhou City. Small positive gravity anomalies (b100 mGal) are conﬁned to regions near the coastal areas. At a
larger scale, small negative gravity anomalies (around−200 mGal) can be observed inpart of theQinling–Dabie orogen and Sichuan basin. In the Songpan–Ganzi block theBouguer gravity
increases progressively westward to more negative values up to reach−550 mGal.
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was constructed from cubes with base of 0.25° × 0.25° and height of
500 m. Given the study area (Fig. 1), the mesh is spatially composed of
97 cells in the horizontal direction x (coordinate in east longitude), 57
cells in the horizontal direction y (coordinate in north latitude) and
141 cells in the vertical direction z (coordinate in depth).
3.2. Reference model
The method requires a priori choice of a reference density model.
The incorporation to this model of tighter constraints provided by
other complementary studies can help the inversion process and
ﬁnally generate a more realistic density model. The Bouguer gravity
anomaly is generated by the undulation and variable density of the
crustal layers. Basically, we took into account a horizontal homoge-
neous density model (HHDM) as prior information before gravity
inversion. As is generally assumed, it is supposed that any change
in HHDM would lead to a change in the value of the Bouguer gravity
anomaly (Mooney and Kaban, 2010), since the gravitational effect of
a layer with constant density and ﬁxed boundaries is a constant value.
HHDM describes a continental crust with ﬂat topography, integrated
by an upper layer of thickness 15 km that has a density of 2.7 g/cm3
and a lower crust with density 2.94 g/cm3 (Deng et al., 2011; Mooney
and Kaban, 2010). The average density of the topmost upper mantle is
set equal to 3.35 g/cm3 (Mooney and Kaban, 2010). The Moho depth
is set equal to 40 km, which is its average value in South China (Deng
et al., 2011).
The initial density structure for inversion was deﬁned from seismic
velocity data acquired from 57 DSS performed in South China (Deng
et al., 2011) and the relationship between P-wave velocity and density
is given by Feng et al. (1986):
ρ ¼ 2:78þ 0:56 νρ−6:0
 
;νρ≤6:0 ð1Þρ ¼ 3:07þ 0:29 νρ−7:0
 
;6:0bνρ≤7:5 ð2Þ
ρ ¼ 3:22þ 0:20 νρ−7:5
 
;νρ≥7:5: ð3Þ
Fig. 3 shows this model where the seawater density is set as
1.05 g/cm3. The method works with density anomalies, which are
deﬁned regarding HHDM. In other words: the 3-D density anomaly
distribution is modeled by means of rectangular prisms whose respec-
tive density anomalies and sizes are taken as differences with respect
to HHDM, so that the result we obtain by inversion is a density anomaly
model, while the ﬁnal density model (discussed later) is the density
anomaly model plus HHDM.
3.3. Assessment of results
Regarding the Grav3D software itself, several studies have con-
ﬁrmed that it is able to recover the information from synthetic models
(Cella et al., 2007; Dutra and Marangoni, 2009; Li and Yang, 2011);
inverted density structures have been reported for the shallow struc-
ture of the Somma–Vesuvius volcano (Cella et al., 2007), Central Brazil
(Dutra and Marangoni, 2009), North China (Li and Yang, 2011), the
Newfoundland continental margin (Welford and Hall, 2007) and the
Irish Atlantic continental margin (Welford et al., 2010). Using the den-
sity anomaly model as reference and the parameters outlined above,
we obtained the 3-D density model doubly constrained by seismic
velocities and gravity data that is shown in Fig. 4.
3.3.1. Uncertainty of the results
The ﬁt between observed and computed gravity anomalies greatly
supports the reliability of the results. The predicted Bouguer gravity
anomalies as well as the differences between observed and calculated
anomalies are shown in Fig. 5. This discrepancy (lower plot) rarely ex-
ceeds 10 mGal throughout the study region, its standard deviation is
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Fig. 3. Initial density model for South China as derived from P-wave velocity.
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162 Y. Deng et al. / Tectonophysics 627 (2014) 159–170as small as 1.1 mGal, and there are no regional trends. So the density
structure obtained by inversion allows us to successfully reproduce the
gravity observations in South China. As can be seen, all the main gravity
features seem to be well recovered and the gravity ﬁeld values agree
well with the observed ones, being the highest positive values close to
350 mGal, while the highest negative ones reach up to −550 mGal
(Fig. 5a). As with the observed data (Fig. 2), the computed anomalies
are generally positive in mainland, but negative in the marine areas.
A commonly used method in inverse problems is the generalized
cross-validation (GCV) technique. If GCV mode is used, this misﬁt
should be within the rough range 0.5 ∗ N–5.0 ∗ N, being N the number
of data (Grav3D 3.0). In the present study we achieved a ﬁnal misﬁt of
1.11481E + 04 with 5529 data, so the result is supposed to be a valid
approximation to 3-D density.
Although the inversion provides a density model that recovers the
long-wavelength information with success, the true is that short-
wavelength perturbations still can be appreciated in the plot that
shows the observation–calculation discrepancy (Fig. 5b). They are all a
direct consequence of the blocky mesh parameterization and of impos-
ing a strict limitation on the ocean water, and to a lesser extent of the
sedimentary layers of the reference density model (Welford and Hall,
2007; Welford et al., 2010).
Other than the uncertainty of the relationship between P-wave
velocity and density, and the unavoidable error inherent to the inver-
sion problem, an additional error source could be the interpolation ofMoho
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Fig. 4.Densitymodel for South China as derived from inversion of the available data. Rect-
angular prisms were constructed from cubes with base of 0.25° × 0.25° and height of
500 m.data sampled from the numerous deep seismic soundings regarded
from the beginning.
3.3.2. Moho undulation
Next we will assess the results by contrast with the Moho depth de-
termined from deep seismic soundings. Since the 70s, the deep velocity
structure of South China has been studied from 57 DSS proﬁles (Deng100˚
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163Y. Deng et al. / Tectonophysics 627 (2014) 159–170et al., 2011). Among all of them, Fig. 6 shows ﬁve wide-angle reﬂection/
refraction proﬁles: a) Zhubalong–Zizhong (C. Wang et al., 2003);
b) Nanbu–Fushun (Cui et al., 1996); c) Zhuangmu–Anyi (Dong et al.,
1998); d) Tunxi–Wenzhou (Zhang et al., 2005, 2008); e) Lianxian–
Gangkou (Zhang and Wang, 2007; Zhang et al., 2009b; Zhao et al.,
2013a). The Chinese Academy of Sciences (CAS), the China Earthquake
Administration (CEA) and the Ministry of Land and Resources of China
(MLR) contributed to perform these seismic proﬁles during the last
20 years. The Moho discontinuity marks the boundary between the
crust and mantle, and generally the P-wave velocity value representing
the crust–mantle transition is assumed to be 8.0 km/s (Teng, 2003;
T. Xu et al., 2010; Y. Xu et al., 2010). Although the Moho interface is
classically deﬁned as a seismic velocity discontinuity, rather than as a
speciﬁc density contrast, nonetheless an attempt to extract information
on the Moho from a density anomaly model can be accomplished con-
sidering the density value 3.35 g/cm3 as the one depicting the Moho
discontinuity. Fig. 6 shows different density sections along the proﬁles
mentioned above that allow to explore the Moho undulation. In section
(a) the Moho depth decreases from west to east from 60 km to 40 km,
and remains practically constant (about 42 km) in the Sichuan basin.
The proﬁle (b) supports this result, at the same time that reveals a rela-
tively high density in the lower crust. In section (c) the Moho has a
remarkable undulation beneath the Dabie orogen, which could be the
result of the Mozitan fault and is consistent with the result derived
from a deep seismic sounding (Liu et al., 2003). The overall thickness
of the crust along the proﬁle (d) decreases from 36 km beneath Tunxi
in the northwest to 31 km beneath Wenzhou in the southeast. And in
density section (e), the crust thickness gradually thins from northwest
to southeast. The maximum depth of the crust is 34 km at Lianxian to
thewest and about 32 kmatGangkou to the east. TheMoho topography
along the Lianxian–Gangkou proﬁle has a geometrical uplift below the
middle transect (120–260 km) of the proﬁle.29 .5 30 30 .5 31 31 .5
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Fig. 6. Density sections along the proﬁles indicated (inset in the top left corner), all of them co
(c) Zhuangmu–Anyi, (d) Tunxi–Wenzhou and (e) Lianxian–Gangkou. The Moho discontinuit
wide-angle reﬂection/refraction proﬁles.As shown in Fig. 6, compared to the depth given by deep seismic
soundings, the Moho depth can be well delineated from the density
structure obtained by inversion of Bouguer gravity data. In the present
case, the results displayed in Fig. 6 seem to suggest that the crust is fairly
compensated isostatically according to the Airy model in South China.
In summary, even though we cannot fully assess all the errors
dragged so far, whatwe can say is the 3-D densitymodel (Fig. 4) is a fea-
sible model that provides a helpful image of the South China crust.
4. Discussion
4.1. Crustal density structure under the Dabie orogen
The Qinling–Dabie–Sulu orogenic belt in central-eastern China
occupies a Triassic collision zone, between the Sino-Korean and Yangtze
blocks (Hirajima and Nakamura, 2003), and is the largest high-pressure
(HP) and ultra-high pressure (UHP) metamorphic zone in the world
(Okay, 1993; Zheng, 2008; Zheng et al., 2003). Various wide-angle
reﬂection/refraction proﬁles have enabled to study the Dabie orogen.
It has been found that there is a high-velocity buried dome to the east
of this unit (Bai et al., 2007; Dong et al., 1998; Liu et al., 2003). Also,
high-resolution mantle tomography (Huang and Zhao, 2006) and other
large-scale seismic studies (Ma and Zhou, 2007; Zheng et al., 2008) cov-
ering the Dabie orogen have been carried out; in particular, Luo et al.
(2012) have studied the crustal structure beneath the Dabie orogenic
belt from ambient noise tomography and have found high shear-wave
velocities beneath the HP/UHP metaphoric zones at shallower depth
than 9 km which corresponds to the top of the dome.
In order to discuss the crustal density response to the continent–
continent collision between the North China Craton and the Yangtze
Craton during the Triassic Period (Li, 1994; Li et al., 1993), in Fig. 7 we
show several oblique density sections beneath the Dabie orogen that29 29 .5 30 30 .5 31 31 .5 32
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164 Y. Deng et al. / Tectonophysics 627 (2014) 159–170make reference to the proﬁles labeled on the map of the study region
(middle part of Fig. 7). The existence of a low-density layer is more or
less common in the 10–20 km depth range. However, such low density
structure does not appear or is blurred beneath the east of Dabie, which
is called buried dome including eclogite (Liu et al., 2003, 2005). The
density dome could be the result from the collision between the North
China Craton and the Yangtze Craton, and the low density beside it
may play an important role in the post-collisional crust extension and
exhumation of the ultra-high pressure metamorphic rocks (Dong et al.,
1998; Liu et al., 2003).
Another important feature can be seen in the section shown in
Fig. 7b: there is a remarkable elevation of the crustal layers and topog-
raphy at longitude 116.5–117°N, and the Moho discontinuity also in-
creases its depth at 115.5–117°N, which reﬂects the huge inﬂuence of
the Tanlu fault between the South China block and the North China
block (Deng et al., 2012).
4.2. The boundary between the Yangtze and Cathaysia blocks
The Phanerozoic tectonic regimes in South China are keys to under-
stand the geodynamic evolution of the regionwith respect to the forma-
tion of abundant mineral resources (Y.J. Wang et al., 2003; Zhao et al.,
2013b). It is well proved that the ﬁnal formation of the South China
block is due to the amalgamation of the Yangtze block to the northwest
with the Cathaysia block to the southeast during theNeoproterozoic pe-
riod (Y.J. Wang et al., 2003, 2012; Zhang et al., 2008). The Jiangshan–Shaoxing fault is generally considered as the north segment of the nat-
ural boundary between the Yangtze and Cathaysia blocks (Zhang et al.,
2005, 2008; Zhao et al., 2013a,b) that are the two major tectonic units
of southeastern China (Huang, 1977; Li, 1992). Such a distinction
between regional blocks has been proposed on the basis of the age dif-
ferences of low-grade metamorphic rocks (Wang and Qiao, 1984), oc-
currence of ophiolite suites (Zhang et al., 1984), stratigraphic records
(Ji and Coney, 1985), differences in the lithology of the Precambrian
basement (Granitoid Research Group of the Nanling Project, 1989);
andmore recently according to the observed dissimilarities in composi-
tion (Zhang et al., 2008), anisotropy (Zhang et al., 2009a), P-wave veloc-
ity (Zhang et al., 2009b, 2012) and S-wave velocity (Zhao et al., 2013a).
But the standpoints about the boundary in the south part are still quite
different. This issue is discussed henceforth.
Fig. 8 shows several possible cases wherein the borders under dis-
cussion separate different tectonic units in South China. These units
are crossed from northwest to southeast by two shading narrow
bands labeled ➀ and ➁, that are two transects taken as reference later
(in Figs. 9 and 10). There are mainly four kinds of views on this issue.
The ﬁrst is based on the geochemistry and geochronology of the area
(Li et al., 2002, 2008; Liu et al., 2012; Wang et al., 2009) and postulates
that the Chenzhou–Linwu fault is the boundary (hypothesis suggested
in Fig. 8d). The basement rocks of the Yangtze block have an average
age of 2.7–2.8 Ga, some of them even have an age N3.2 Ga (Qiu et al.,
2000). In contrast, the basements of the Cathaysia block exhibit Paleo-
to-Mesoproterozoic and possibly Late Archean ages of ~2.5 Ga (Chen
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165Y. Deng et al. / Tectonophysics 627 (2014) 159–170and Jahn, 1998). However, Li et al. (2002, 2008) suggested the South
China was formed through the amalgamation of the Yangtze and
Cathaysia blocks during the ca. 1.1–0.9 Ga Sibao orogeny (Li and Li,
2007; Li et al., 2002, 2012;Wang et al., 2009), which gave rise to the di-
vision of South China into three parts: the Yangtze block, the Cathaysia
block and the Sibao orogen (hypothesis proposed in Fig. 8d).
Y.J.Wang et al. (2003) andWang et al. (2012) have used geochrono-
logical and geochemical data to conﬁrm that the Chenzhou–Linwu fault
(CLF) represents the Mesozoic lithospheric boundary between the
Yangtze and Cathaysia blocks, while the Jinxian–Anhua fault (JAF) is a
near-surface boundary between the sutured blocks (hypothesis pro-
posed in Fig. 8b).
The Pingxiang–Yushan fault (PYF) is also considered as the bound-
ary in agreement with geotectonic (Ren et al., 1999) and lithological
(Liu et al., 2012) information (hypothesis suggested in Fig. 8c). Alterna-
tively, the Cathaysia block can be separated into Inner Cathaysia Block
(ICB), Cathaysia Block Folded Belt (CBFB) andSoutheast CoastMagmatic
Belt (CBMB) by two tectonic lines, the Shi–Hang Zone (SHZ) and the
Lishui–Haifeng Fault (LHF) (Chen et al., 2008) (hypothesis proposed in
Fig. 8a). The fact that Triassic granitic rocks (S-type) aremainly distribut-
ed in ICB and CBFB, Cretaceous rocks (I-type) in CBMB, and Jurassic rocks
(intermediate type) in CBFB, is the basis for Mesozoic tectonic models of
Cathaysia (Chen et al., 2008).
Also, the Jiangnan orogen (JNO) is considered as the convergence
area between the Yangtze block and the Cathaysia block, thus constitut-
ing South China (Wang et al., 2007;Wong et al., 2009) (hypothesis pro-
posed in Fig. 8c).
The way here followed to discern these boundaries is to look into
the potential correlation between them and the variations in the geo-
physical properties of themedium, in our case as gravity, seismic veloc-
ity and density. Fig. 9 shows the geophysical data related to proﬁle ➀
(Fig. 8), namely: topography (a), Bouguer gravity (b), P-wave velocity
distribution (d) and density structure (e). As can be seen, the Bouguer
gravity increases rapidly from −400 mGal to −100 mGal beside
the Longmenshan fault, and its variation curve is roughly ﬂat in the
interior of South China. The calculated gravity is similar to the observed
gravity, and both curves keep mirror-symmetry with the topography
(Fig. 9a,b).The structures (blocks and faults) along proﬁle ➀ in the four cases
given above (Fig. 8), are indicated in Fig. 9c. The P-wave velocity and
density structures allow to observe the thinning from west to east of
the crust (Fig. 9d and e) which lies about 45 km beneath Sichuan
basin and 30 km beneath the southern margin of the Cathaysia block
(Fig. 9e). The Moho interface varies somewhat abruptly beneath the
Xuefengshan orogenic belt (Li and Mooney, 1998; Li et al., 2006; Zhang
et al., 2010), which is further conﬁrmed by recent deep seismic reﬂection
proﬁling across the Xuefengshan fault belt, performed in the frame of
the Sinoprobe program (Gao, personal communication).
The density in the upper crust of South China is 2.4–2.8 g/cm3, and
2.9 g/cm3 in the middle crust, and reaches up to 3.0 g/cm3 in the
lower crust. Sichuan basin has a higher density than any other area in
South China, especially in the lower crust, which is consistent with
that the Yangtze Craton is the oldest basement in South China (Qiu
et al., 2000; Zhang et al., 2009b) (Fig. 9e). Another important feature
of the density structure is that the Moho interface is deeper than
40 km to the west of CLF, while it is about 30 km to the east of CLF,
and the lower crust is obviously thicker to the east of CLF.
Analogously, Fig. 10 shows the geophysical data related to proﬁle ➁
(Fig. 8). The difference in topographic relief (elevation) is about 3 km,
and the Bouguer gravity increases from−300 mGal to almost 0 mGal.
As before, the calculated gravity is similar to the observed gravity,
although the former is less curly than the latter, and both curves keep
mirror-symmetry with the topography (Fig. 10a,b). The structures
(blocks and faults) now crossed by proﬁle ➁ in the cases (a), (b) and
(d) (Fig. 8), are indicated in Fig. 10c. The crustal thickness also shows
a west–east thinning and the Moho interface varies laterally from
50 km to 30 km (Fig. 10d). Another important feature is that low-
density bodies exist in the Chuandian area, which is consistent with
the P-wave velocity determined by deep seismic soundings (Cui et al.,
1987; Xiong et al., 1993).
From the two transects, though we cannot accurately appraise the
distinctive changes in the geophysical features on both sides of the
Chenzhou–Linwu fault because of the relatively large grid interval, the
true is that the observed differences in gravity, upper-to-middle crust,
thickness of the lower crust, Moho depth, P-wave velocity and density,
are all issues which can help to discern the physical boundary between
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166 Y. Deng et al. / Tectonophysics 627 (2014) 159–170blocks. And the geophysical features are not the only ones that reveal
remarkable differences near CLF. The region to the east is dominated
by structures of the Early Paleozoic withWNW–ESE trending; however,
to the west, structures of the Early Mesozoic with NE–SW trend are the
most noticeable features (Chen et al., 2008; Chu et al., 2012; Y.J. Wang
et al., 2003). Moreover, according to the results from the Lianxian–
Gangkou proﬁle (Yin et al., 1999; Zhang et al., 2012), the thickness
and average P-wave velocity beneath both of the sedimentary layer
and the crystalline basement to the east of CLF are different from that
found to the west of this fault (Zhang et al., 2012).
Considering all these factors, though the Pingxiang–Yushan fault also
exhibits border features, which just may be the geophysical response to
Xuefengshan, the Chenzhou–Linwu fault seems to be the south part of
the boundary between the Yangtze and Cathaysia blocks.
4.3. The relationship between P-wave velocity and density
Different mathematical correlations between seismic P-wave veloc-
ity and density have been tested by several laboratory works about the
elastic properties of crustal rocks. Initially, Ludwig et al. (1970) andNafeand Drake (1957) performed velocity and density measurements on a
variety of rock types thus linked a physical quantity to another. Such a
distribution is often interpreted as the natural scatter of velocity values
around amean linear function describing the relationship between seis-
mic velocity and density (Ludwig et al., 1970).
Gardner et al. (1974) found an empirical relationship between den-
sity and velocity from a series of ﬁeld data and controlled laboratory
measurements on brine-saturated rocks (excluding evaporates) at sev-
eral sites and depths. Such relation is given by ρ = aVm where ρ is
density and V is P-wave velocity. Default values for the coefﬁcient a and
the exponent m are 0.31 and 0.25, respectively, for density in g/cm3
and P-wave velocity in m/s.
Somewhat later, Barton (1986) established bounds for this relation-
ship, such as shown in Fig. 11, where the red continuous lines represent
the P-wave velocity curves corresponding to the maximum and mini-
mum values of density, while the red dashed line in the center of the
scatter corresponds to the mean density value.
Moreover, petrophysical analyses have proved that bulk density is
an important acoustic indicator to discern rock types (Christensen and
Mooney, 1995; Quijada and Stewart, 2007; Zhang et al., 2008).
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167Y. Deng et al. / Tectonophysics 627 (2014) 159–170In this study, we start from the velocity–density reference model
given by Eqs. (1)–(3), which is conﬁrmed as a more valid relationship
for the determination of crustal density in China (Feng et al., 1986;
Zhao et al, 2004; Wang et al., 2010). The scattered Vp–density relation-
ship is obtained through an inversion process and plotted by a point
cloud for the main tectonic units that make up the study region
(Fig. 11). Subsequently, it is modeled by least-squares linear regression
with the results: y = 4.45 ∗ x − 6.28 in Qinling–Dabie Orogen, y =
3.89 ∗ x − 4.77 in Sichuan basin, y = 4.54 ∗ x − 6.46 in Cathaysia
block and y = 4.16 ∗ x − 5.49 in Yangtze block. It should be noted
that themethod is designed to incorporate themain scatter of themea-
surements with the exclusion of peripheral values. The most remark-
able feature is that the inverted density is not the same as the initial
one, from which diverges within the range of lower values. The slope
of the regression straight for Sichuan basin takes the smallest value,
which means that for a same P-wave velocity we have the highest
density, while the opposite happens in Cathaysia block, where the
slope takes the comparatively larger value and for a same P-wave veloc-
ity we have the lowest density. The possible explanation of these results
can be attributed to the temperature, pressure and composition of each
tectonic area (Christensen and Mooney, 1995). The Sichuan basin is an
old craton that has preserved its rigidity for a long time, and its crustal
composition is different from that any other region (T. Xu et al., 2010;
Y. Xu et al., 2010; Zhang et al., 2010), so this could be the reason for
the higher resulting density; while in the Cathaysia block the strong
neotectonic movement cause the heat ﬂow and geothermal gradient
be relatively higher than in other region (Deng et al., 2013; Hu et al.,
2001; Tao and Shen, 2008), so the crustal temperature is higher and
hence the corresponding density is relatively lower.Undoubtedly, estimating the composition of the Earth's crust is
important because such knowledge is critical to understand the growth
and evolution of the continents (Brown et al., 2003; Holbrook et al.,
1999; Zhang et al., 2008). Although investigating rock types based on
its lithological composition is out of the target of this paper, we think
that the established Vp–density laws for the major tectonic domains
of South China will help to address this problem in future. And this
issue has already been thoroughly addressed by our working group
(Zhang et al., 2008, X. Zhang et al., 2011; Zhao et al., 2013b). In this con-
text, seismic velocity and density play a key role since they are inherent
properties of rock types (Christensen and Mooney, 1995), so that com-
bined interpretations of both can be widely used to infer lithological
models.
5. Conclusions
In contrast to most of the previous geophysical studies, which focus
on individual linear proﬁles crossing different tectonic units in South
China and only reveal 2-D crustal structures, in this paper we have tack-
led a 3-D inversion process constrained by seismic velocities and gravity
data. Key ﬁndings include:
(1) We have obtained a regional density model which is consistent
with complementary data supplied by other studies. From here
we can accurately reproduce the observed gravity ﬁeld.
(2) The Moho depth can be drawn from the inverted density struc-
ture and agrees with the results from wide-angle reﬂection/
refraction proﬁles. The crustal thickness shows a gradual thin-
ning west-to-east from 45–50 km to 30 km.
a
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Sichuan basin 
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Cathaysia block 
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Fig. 11. The relationship between P-wave velocity and density (after zonation): (a) Qinling–Dabie; (b) Sichuan basin; (c) Cathaysia block; (d) Yangtze block. The red continuous lines
represent the P-wave velocity curves corresponding to the maximum and minimum values of density, while the red dashed line in the center of the scatter corresponds to the mean
density value (according to Barton, 1986). The purple line depicts the initial relationship between Vp and density. The scattered Vp–density relationship is plotted by a point cloud for
the main tectonic units that make up the study region and is modeled by least-squares regression (black straight line), whose analytical expression is given on the top of each plot.
168 Y. Deng et al. / Tectonophysics 627 (2014) 159–170(3) Regardless the existence of a low-density layer in the 10–20 km
depth range, a linearly increasing density consistent with a high
P-wave velocity supports the presence of the speculated buried
dome in east of the Dabie orogen, as deep seismic soundings
reported clearly before. This geophysical feature is viewed as a
fossil rest of the collision/extrusion between the North China
Craton and the Yangtze Craton.
(4) Once combined all geophysical and geological data, we propose
that the Chenzhou–Linwu fault is the south segment of the
boundary between the Yangtze and Cathaysia blocks.
(5) By least-squares linear regression we have modeled four Vp–
density laws, in correspondence with the main tectonic units
that make up South China. These linear relationships between
P-wave velocity and density present different slope in each of
these large areas, which is attributed to the crustal composition
and temperature distribution.
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